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MICROCOSM  EVALUATIONS  OF  SEDIMENTS  FROM 
THE  PORT  OF  HAMPTON  ROADS.  VIRGINIA 


By 

Raymond  W.  Alden  III*,  Arthur  J.  Butt**, 

Susanne  J.  Jackman***,  Guy  J.  Hall****, 
and  Robert  J.  Young,  Jr.***** 

INTRODUCTION 

Dredging  operations  are  vital  to  the  maintenance  of  sea¬ 
ports.  Unfortunate ly,  the  sediments  from  urban  estuaries  may  be 
highly  contaminated.  Pollutants  introduced  directly  or  indirectly 
into  the  waters  of  these  ecosystems  are  generally  partitioned 
into,  and  concentrated  in  the  sediments.  Therefore,  a  problem  of 
major  concern  to  port  cities  is  how  potentially  toxic  dredged 
materials  can  be  disposed  with  the  least  possible  ecological 
damage . 

A  great  deal  of  attention  has  been  focused  upon  the  feasi¬ 
bility  of  open  ocean  disposal  of  dredged  materials.  In  order  for 
ocean  sites  to  be  an  ecologically  sound  alternative,  the  potential 
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impacts  of  open  water  disposal  of  dredged  sediments  must  be 
assessed  on  a  site-to-site  basis.  Static  bioassays  (toxicity 
tests)  conducted  on  standard  "test  species"  are  the  most  common 
means  for  biologically  evaluating  sediments  destined  for  ocean 
disposal.  However,  the  effectiveness  of  static  bioassay  techni¬ 
ques  for  assessing  the  potential  ecological  impacts  of  ocean 
disposal  of  dredged  materials  is  open  to  question. 

Static  bioassays  employing  standard  test  species  are  subject 
to  the  criticism  that  conditions  are  not  realistic  enough  to 
adequate ly  test  the  potential  adverse  effects  on  biota  endemic  to 
a  disposal  site.  Critics  of  bioassays  point  out  that  most 
standard  test  species  must  be  relatively  hardy  in  order  to  be 
cultured/maintained  in  the  laboratory.  Therefore,  they  may  be 
less  sensitive  than  communities  actually  living  in  the  vicinity  of 
the  disposal  site.  Moreover,  single  species  static  bioassays  do 
not  allow  an  assessment  of  subtle  effects  of  dredged  materials  on 
such  dynamic  processes  as  competition,  predation,  feeding 
activity,  etc.  Even  the  biological  uptake  of  toxins  have  been 
shown  to  be  lower  for  static  test  conditions  than  for  those  which 
closely  simulate  the  natural  environment  (Alden  et  aj[.,  1985a). 

Recognizing  the  limitations  of  static  tests,  multiple  species 
microcosms  have  been  developed  for  use  as  a  confirmation  of  the 
relative  quality  of  sediments  (or  sediment  composites)  being 
considered  for  ocean  disposal.  The  microcosms  have  been  designed 
to  simulate  field  conditions.  Indigenous  plankton  and  benthic 
communities  from  the  disposal  site  are  introduced  into  large 
experimental  chambers.  Physical  parameters  such  as  currents 
illumination  and  photoperiods  are  controlled  to  simulate  natural 


conditions  in  the  areas  from  which  the  biota  are  collected.  The 
surface  to  volume  ratio  of  the  benthic  habitat  to  the  water  column 
is  the  same  as  that  of  the  disposal  site.  Through  this 
experimental  design,  a  very  extensive  data  set  can  be  accumulated 
for  the  comparison  of  the  water  quality,  plankton  community 
structure,  benthic  community  structure  and  bioaccumulation 
potential  of  toxins  in  control  and  experimental  tanks. 

The  present  study  represents  an  assessment  of  the  potential 
ecological  effects  of  dredged  materials  utilizing  multiple  species 
microcosms.  The  sediments  were  taken  from  potential  dredge  sites 
located  throughout  Hampton  Roads,  Virginia.  These  sites  had  been 
previously  tested  with  traditional  lethal  bioassays  (Alden  et  a  1 ., 
1981;  Alden  and  Young,  1982;  Alden  and  Young,  1984)  and  sublethal 
bioassays  (Alden  e_t  a^.,  1981;  Alden  e_t  1984a),  so  these 
microcosm  experiments  were  designed  to  represent  a  means  of 
confirming  the  relative  quality  of  the  sediments  under  more 
ecologically  realistic  conditions. 


METHOD  AND  MATERIALS 


Study  Area 

The  Port  of  Hampton  Roads,  Virginia,  contains  one  of  the 
largest  natural  harbors  in  the  world.  The  Port  is  located  within 
a  major  metropolitan  area  that  includes  the  cities  of  Norfolk, 
Portsmouth,  Chesapeake,  Virginia  Beach,  Newport  News  and  Hampton 
(Fig.  la).  Hampton  Roads  and  the  surrounding  estuarine  systems 
provide  the  setting  for  one  of  the  most  highly  industrialized 
coastal  areas  on  the  eastern  seaboard  of  the  United  States,  as 
well  as  the  largest  military  port  in  the  world.  The  Norfolk 
District  of  the  U.S.  Army  Corps  of  Engineers  (COE)  is  responsible 
for  maintaining  the  navigational  channels  of  this  seaport  system 
in  order  to  insure  the  safe  passage  of  military  and  commercial 
vessels.  On  the  average,  4.1xl0^m3  of  sediment  are  dredged 
annually  by  the  COE.  Approximately  60%  of  the  sediment:  are 
classified  as  mud,  clay  and  silt,  taken  primarily  from  the 
urbanized  Hampton  Roads  Ha r b or / E 1 i z ab et h  River  complex  (Figs. 
la,b).  The  remainder  of  the  dredged  materials  consist  of  sand, 
gravel  and  shell  which  is  dredged  mainly  from  the  Thimble  Shoal 
Channel  in  the  Chesapeake  Bay  (Pequegnat  e_t  1978). 

The  sediments  to  be  evaluated  in  the  microcosms  were 
composited  from  various  stations  to  represent  major  dredge 
project  regions  within  the  Port:  Stations  CC,  DD,  EE,  U,  FF,  GG, 
V,  HH,  II  and  A  in  Thimble  Shoal  Channel  (designate!  TS);  Stations 
KK,  B,  C,  D,  and  E  in  Hampton  Roads  Harbor  (HR);  Stations  F,  G,  H, 
I,  J  in  the  Elizabeth  River  Mainstem  (EMS);  and  Stations  H,  N,  and 
0  in  the  Southern  Branch  of  the  Elizabeth  River  (SB)  (Fig.  la). 
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Figure  lb.  The  Port  of  Hampton  Roads,  Virginia:  Southern  Branch  of  the  Elizabeth  River. 
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Field  Methods 

The  experiments  were  run  in  two  series:  microcosm  v 1  (1982) 
testing  the  HR  sediments;  and  microcosm  f 2  (1983)  testing  the 
sediments  from  EMS,  TS,  and  SB.  The  sediments  from  SB  were 
previously  tested  in  microcosms  prior  to  dredging  (Alden  e_t  a  1 
1981)  and  nine  months  following  maintenance  dredging  (Alden  ^ 
a  1  1985a).  Therefore,  the  SB  tests  were  conducted  to  determine 

whether  the  previously  observed  ecological  effects  of  the 
"contaminated"  sediments  of  this  region  returned  during  the  18 
months  following  dredging  operations. 

In  addition,  controls  were  established  with  "clean" 
sediments  simulating  "test  dumps."  Sediments  from  the  proposed 
Norfolk  Disposal  Site  (NDS)  were  used  in  the  controls  for 
microcosm  fl.  Sediments  for  the  control  treatment  in  microcosm  f2 
were  taken  from  a  non - i n du s t r i a  1  i zed  estuary  on  the  Eastern  Shore 
near  Cape  Charles,  Virginia.  These  control  sediments  were 
selected  to  be  similar  in  physical  characteristics  (particle  size, 
organic  content)  to  the  silt/clays  previously  observed  in  the 
"inner  harbor"  regions  of  the  Port. 

Sediments  were  collected  at  each  of  the  stations  with  a 
stainless  steel  Pearce  bucket  dredge  fitted  with  a  18  liter 
polyethylene  insert  container.  Following  collection,  the  inserts 
were  fitted  with  "snap-tops"  and  maintained  at  A^C  for  transport 
to  the  laboratory.  Prior  to  testing,  the  sediments  were  frozen 
for  at  least  48  hours  to  kill  the  indigenous  benthic  communities. 


Microcosm  Methods 

Microcosms  were  performed  in  1500  liter  polyethylene  barrels, 
filled  with  natural  seawater  and  maintained  at  20^0  with  a  14:10 
day/night  cycle.  The  barrels  contained  two  benthic  trays,  each 
with  three  chambers,  and  an  additional  tray  for  a  population  of 
hard  shell  clams  (Mercenaria  mercenarla)  which  were  used  in  the 
bioaccumulation  experiments  (Fig.  2).  The  size  of  the  benthic 
chambers  (O.OSSm^)  was  based  upon  a  species-area  curve  evaluation 
of  the  minimum  area  required  to  represent  the  benthic  communities 
found  in  the  vicinity  of  the  NDS  (Dr.  D.M.  Dauer,  personal 
communication).  The  volume  of  the  microcosms  was  based  upon  the 
bottom  area  to  water  column  volume  ratio  found  at  the  NDS, 
assuming  "worst  case"  stratification  (i.e.  a  pycnocline  10m  above 
the  bottom  restricts  bottom  exchange  processes  to  the 
hypo  1 i mn i on ) . 

Two  types  of  water  circulating  devices  were  operational  in 
each  barrel.  One  system  circulated  the  water  column  of  the  barrel 
to  simulate  oceanic  currents  and  to  maintain  the  plankton  in 
suspension.  The  second  device  drew  water  over  the  benthic  trays 
to  simulate  epi benthic  circulation.  A  "honeycomb"  bank  of  0.5cm 
diameter  plastic  tubes  were  placed  in  the  inflow  ports  of  the 
benthic  chambers  to  laminarize  the  flow  and  prevent  turbulent 
erosion  patterns.  The  speed  of  the  currents  in  the  benthic 
chambers  was  calibrated  to  approximately  4cm/s,  the  average  near¬ 
bottom  current  velocity  at  NDS  (Dr.  D.P.  Wang,  personal 
communication).  Photocouple  devices  connected  to  the  circulating 
systems  allowed  the  remote  monitoring  and  calibration  of  current 
velocities.  Fluorescent  lights  were  adjusted  to  simulate  the 
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Figure  2.  Microcosm  chamber  (A.  x-sectional  view;  B.  plane 
view)  with  lightbank  (a),  circulation  motor  (b), 
sediment  holding  trays  (c),  water  inflow  channel 
(d),  tray  circulation  outflow  (e),  tray  circula¬ 
tion  rotor  (f),  barrel  circulation  rotor  (g),  and 
tray  support  screws  for  adjusting  tray  depth  in 
barre  1 . 
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field  light  intensities  observed  Im  below  the  surface  at  the  time 
of  collection.  The  benthic  chambers  were  covered  with  darkened 
plexiglass  to  prevent  the  light  intensities  from  disrupting 
benthic  activities. 

Sediment  samples  with  their  indigenous  benthic  communities 
were  collected  with  the  Pearce  dredge  at  the  NDS.  The  sediments 
were  randomly  distributed  into  the  benthic  chamber  trays  which 
were  transported  in  coolers  containing  seawater.  The  raw  seawater 
was  collected  in  the  coastal  waters  off  the  mouth  of  the 
Chesapeake  Bay.  The  seawater  was  collected  by  "dunking"  pairs  of 
220  liter  screw-top  plastic  drums  in  a  "holder"  suspended  from  a 
crane  on  the  barge.  Zooplankton  tows  were  also  taken  to  enrich 
the  barrels  with  animals  which  may  have  avoided  capture  during  the 
"dunking"  process.  Both  the  benthic  and  plankton  samples  were 
aerated  and  maintained  at  collection  temperatures  during  transport 
to  the  laboratory.  The  seawater  and  plankton  samples  were  equally 
distributed  among  the  microcosm  barrels  by  a  gravity-flow  ducting 
system  designed  to  minimize  organ ismal  damage.  The  benthic 
communities  were  also  placed  into  the  microcosm  barrels  and  the 
systems  were  allowed  to  equilibrate  for  96  hours.  Defaunated  NDS 
sediments  were  placed  in  the  additional  trays  along  with  a 
population  of  clams  for  the  bioaccumulation  experiments.  After 
equilibration,  defaunated  test  sediments  were  dumped  on  top  of 
benthic  and  clam  trays.  After  the  dump,  the  benthic  trays  were 
closed  into  the  chambers  and  not  disturbed  further  until  the  end 


of  the  experiment. 
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The  water  quality  of  all  microcosm  barrels  was  monitored 
daily.  Triplicate  measurements  were  taken  from  each  barrel  for 
the  following  water  quality  parameters:  temperature  (OC),  salinity 
(ppt),  dissolved  oxygen  (DO),  pH,  suspended  solids  (SS),  volatile 
nonf i 1 terab 1 e  residue  (VNR),  turbidity,  nitrates  (NO3),  nitrites 
(NO2),  ammonia  (NH3),  total  Kjeldahl  nitrogen  (TKN),  orthophos¬ 
phates  (OPO4),  total  phosphorous  (TP),  chlorophyll  a^,  chlorophyll 
chlorophyll  c,  and  phaeophytin.  Water  samples  were  analyzed 
for  metals  (Cd,  Cu,  Fe,  Hg,  Mn,  Ni,  Pb,  Zn)  immediately  prior  to 
the  simulated  dump,  four  hours  after  the  dump  and  at  the  end  of 
the  10-day  experimental  period. 

Following  the  10-day  experimental  period,  the  benthic 
organisms  were  harvested  by  sieving,  preserved  in  forma  1  in -rose 
bengal,  sorted,  identified  and  counted.  The  zooplankton  communi¬ 
ties  were  sampled  by  rapidly  pulling  a  3"  diameter  Wisconsin  style 
plankton  net  (150  micron  mesh)  from  the  bottom  to  the  surface  of 
the  microcosm  barrels.  The  harvested  clams  were  purged  in  clean 
seawater  for  24  hours  and  frozen  until  analyzed  for  toxins. 

During  microcosm  #1,  the  indigenous  benthic  fauna  were 
analyzed  for  heavy  metals.  Following  identification  and  counting, 
the  organisms  from  each  tray  were  sorted  into  the  taxonomic  groups 
(at  the  phylum  level)  and  processed  for  heavy  metals  analysis. 
Sample  blanks  of  the  preserving  agents  were  analyzed  to  eliminate 
them  as  a  potential  source  of  metal  contamination.  The  samples 
were  sorted  and  stored  with  acid-washed  plastic  implements 
(forceps,  trays,  vials)  to  also  prevent  contamination. 


Chemical  Analyses 

The  physiochemica 1  water  quality  parameters  monitored  in  the 
microcosms  were  analyzed  according  to  methods  described  by  U.S. 
Enviromental  Protection  Agency  (EPA,  1979)  or  the  American  Public 
Health  Association  (APHA,  1979).  Temperature,  salinity,  dissolved 
oxygen,  pH  and  turbidity  were  measured  by  probes.  Concentrations 
of  NH3  and  TKN  were  determined  by  micro-Kje 1 dah  1  techniques,  steam 
distillation  and  ness  1 er iz at  ion.  Nitrates  were  determined  by  the 
cadmium  reduction  method  and  nitrites  were  analyzed  by  the 
sulfanilic  acid  method.  Samples  analyzed  for  TP  were  digested  by 
the  persulfate  method  to  oxidize  all  forms  of  phosphorous  to  the 
OPO4  form.  The  OPO4  levels  were  determined  by  colorimetric 
reactions  with  ammonium  molybdate  and  potassium  antimony! 
tartrate.  The  plant  pigments  were  measured  and  calculated  by  the 
UNESCO  method  (Strickland  and  Parsons,  1974).  Metals  in  the  water 
were  determined  by  atomic  absorption  spectrometry  (AAS)  follow¬ 
ing  MIBK/APDC  preconcentration.  Mercury  was  determined  by  cold 
vapor  techniques  of  AAS  or  by  a  mercury  analyzer. 

The  biological  tissues  (benthic  phyla  in  microcosm  frl,  clams 
in  microcosm  #2)  analyzed  for  metals  were  dried  at  oO^C  and 

weighed.  The  samples  were  then  wet  ashed  using  HNO3  and  H202* 
The  digestates  were  brought  to  volume  with  deionized  water  and 
stored  in  polyethylene  bottles.  The  samples  were  analyzed  by 
flame  or  flameless  AAS,  depending  upon  the  range  of  concentrations 
observed  for  each  metal. 

Chlorinated  hydrocarbons  (CHC's)  were  analyzed  in  the  clams 
from  microcosm  #1.  The  CHC's  were  analyzed  according  to  the 
methods  described  by  EPA  (1980a).  The  clams  in  the  microcosm  f2 


N> 

*■  ■.« 


Ifc..  -  J 


■  ,  N  ;  ^  _■ 


fci  .  I 


to  i 


m-  I 


experiments  were  analyzed  for  polynuclear  aromatic  hydrocarbons 
(PNAH's),  the  major  organic  contaminants  of  the  "inner  harbor" 
region.  The  PNAH  analyses  were  conducted  according  to  the  method 
described  by  EPA  (1980b).  The  extracts  of  the  samples  for  organic 
toxin  analysis  were  analyzed  on  capillary  gas  chromatography 
systems  fitted  with  ECD's  or  FID's  (as  appropriate)  and  data 
microprocessors. 
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RESULTS 


Water  Quality  Effects 

The  monitoring  of  the  water  quality  in  microcosm  #1  commenced 
on  the  day  before  the  simulated  dump.  The  temperature  of  the  sea¬ 
water  upon  introduction  into  the  microcosm  barrels  was 
approximately  230C.  The  temperatures  were  slowly  dropped  to  20OC 
during  the  acclimation  period  and  the  temperatures  were  maintained 
within  1°C  of  this  value  throughout  the  experiment.  The  salinity 
of  the  seawater  was  approximately  23.5  ppt,  a  value  which  was 
maintained  within  +1  ppt  for  the  duration  of  the  experiments.  The 
results  of  the  remaining  water  quality  analyses  are  presented  in 
Figs.  A1-A28  of  Appendix  A. 

As  would  be  expected,  the  turbidities  of  the  microcosm 
barrels  increased  immediately  following  the  dump,  with  the  finer 
HR  sediments  producing  a  greater  effect  than  the  coarser  NDS 
control  sediments  (Fig.  Al).  However,  the  turbidities  returned  to 
pre-dump  levels  within  the  first  48  hours  following  the  dump  and 
the  differences  between  the  treatments  appeared  to  be  negligible 
thereafter.  Likewise,  the  SS  and  VNR  levels  in  the  barrels 
increased  following  the  dump  and  then  decreased  over  the  next  two 
days  (Figs.  A2,  A3).  However,  the  SS  and  VNR  increased  between 
days  3-6  and  leveled  off  at  concentrations  that  were  2  to  3  times 
the  pre-dump  values.  It  is  believed  that  this  pattern  was  due  to 
a  phytoplankton  bloom  observed  in  the  tanks  during  the  same  period 
(see  below). 

The  nutrient  levels  in  the  barrels  were  quite  low.  In  fact, 
nitrite  and  orthophosphate  concentrations  were  below  detection 


limits  throughout  the  experiments.  Nitrate  levels  were  only  above 
detection  limits  after  day  5  (Fig.  A4).  Ammonia  and  TKN  concen¬ 
trations  were  quite  high  immediately  before  the  dump  and  the 
levels  appeared  to  be  only  slightly  elevated  by  the  introduction 
of  the  "dredged  materials"  into  the  systems  (Figs.  A5,  A6).  The 
values  then  dropped  through  day  6,  after  which  they  appeared  to 
exhibit  daily  fluctuations.  The  TP  values  in  both  treatments  were 
elevated  by  the  dump,  but  concentrations  rapidly  dropped  within  48 
hours  (Fig.  A7).  Thereafter,  the  TP  concentrations  appeared  to 
cycle  around  the  pre-dump  levels. 

The  chlorophyll  a  levels  prior  to  the  dump  were  quite  low 
(Fig.  A8).  On  the  other  hand,  the  relative  values  of  chlorophyll 
_b  and  chlorophyll  £  were  somewhat  higher  than  expected  by  their 
"typical"  ratios  to  chlorophyll  ^  during  this  period  (Figs.  A9, 
AlO).  Phaeophytin  was  also  at  its  peak  during  this  period. 
During  the  days  following  the  dump  a  phytoplankton  bloom  occurred, 
as  evidenced  by  the  increased  levels  of  chlorophyll  ^  which  peaked 
at  day  4  in  both  treatments  (Fig.  All).  Chlorophyll 
chlorophyll  £  and  phaeophytin  exhibited  an  inverse  pattern 
declining  during  the  period  of  maximum  chlorophyll  a^ 
concentrations  and  only  increasing  when  bloom  conditions  began  to 
tail  off. 

The  DO  and  the  pH  exhibited  cycles  which  could  be  explained 
in  terms  of  the  nutr  ient -p hy top  1 ank ton  patterns  (Figs.  A12,  A13). 
These  levels  were  quite  high  prior  to  the  dump,  and  the  immediate 
effects  associated  with  the  introduction  of  the  simulated  dredged 
materials  appeared  to  be  negligible.  However,  DO  and,  to  a  lesser 


extent,  pH  values  dropped  during  the  next  five  days.  The  values 
then  increased  to  higher  levels  from  day  6  to  the  end  of  the 
experiment.  It  should  be  noted  that  the  range  of  pH  values  was 
less  than  0.5  units  throughout  the  cycle  and  the  DO  values  never 
dropped  below  6.0  ppm.  Therefore,  the  cycling  of  these  parameters 
did  not  appear  to  represent  an  ecologically  adverse  pattern. 

The  water  quality  data  was  subjected  to  multivariate  analysis 
of  covariance  (MANCOVA)  to  determine  whether  there  were  any 
overall  responses  which  could  be  attributed  to  treatment  effects 
once  the  time  (day-to-day)  effects  have  been  taken  into  account. 
In  order  to  fit  the  various  types  of  cycling  observed  in  the  water 
quality  parameters,  a  fourth  order  model  was  employed  (i.e.  day 
taken  from  a  power  of  1  to  a  power  of  4).  The  results  of  the 
t i me -corrected  treatment  models  (i.e.  essentially  a  multivariate 
analysis  of  variance  or  MANOVA  once  the  covariate  effects  of  time 
have  been  accounted  for)  are  presented  in  Table  1.  A  highly 
significant  treatment  effect  was  indicated  (p<0.0001).  The 
univariate  contrasts  indicated  that  turbidity  and  suspended  solids 
were  significantly  higher  in  the  HR  barrels,  while  NH3  was  higher 
in  the  control  tanks.  However,  an  examination  of  the  patterns  of 
these  parameters  (Figs.  Al,  A2  and  A5)  indicates  that  the 
differences  caused  by  the  simulated  disposal  operations  are 
extremely  transient,  disappearing  within  the  first  48  hours. 

The  monitoring  of  microcosm  #2  began  72  hours  prior  to  the 
dump.  Temperatures  were  maintained  at  20OC  +  l^C  and  salinities 
were  25  ppt  +1  ppt.  The  results  of  monitoring  the  remaining 
physicochemical  parameters  are  presented  in  Appendix  A,  Figs.  A14- 


TABLE  1.  Statistical  tests  of  time-corrected  treatment  effects  on  water  quality. 

The  results  of  the  univariate  tests  presented  are  those  that  were  signi¬ 
ficantly  (o=0.01)  different  from  control  conditions  (NS  =  no  significantly 
different). 


Experiment 

Period 

HANOVA 

Univariate 
Treatment- Pa  name ter 
Cpmbi nations 

I.  Microcosm  f  1 : 

A.  Physiochemical 
parameters 

Before  dump 
(Day  0) 

Walk's  = 
F  = 
d.f.  =■ 
P  = 

0.35 

I. 71 

II,  12 
0.19 

N.S. 

After  dump 
(Corrected  for 
time  effects) 

Walk's  * 
F  = 
d.f.  => 
P  ’ 

0.67 

9.33 

12.  223 
<0.0001 

Hampton  Roads:  Turbidityt 
S.S.t 

B.  Metals 

Before  dump 
(Day  0) 

Wilk's  = 
F  = 
d.f.  » 
P  = 

0.84 

1.20 

3,  19 
0.34 

N.S. 

After  dump 
(Day  0) 

Wilk's  = 
F  =■ 
d.f.  » 
P  * 

0.09 

71.12 

3.  20 
<0.0001 

Hampton  Roads:  Fe* 

End 

(Day  10) 

Walk's  = 
F  » 
d.f.  = 
P  * 

0.28 

16.73 

3,  20 
<0.0001 

Hampton  Roads:  Zn ; 

n.  Microcosm  V2: 

A.  Physiochemical 
parameters 

Before  dump 
(Day  0) 

N/A’ 

k 

N.S. 

After  dump 
(corrected  for 
time  effects) 

Wilk's  = 
F  « 
d.f.  = 
P  * 

0.13 

27.11 

27,  725 
<0.0001 

Southern  Branch:  Chi  a* 

NO3  * 

NOj  * 

0P0^‘ 

D.O.* 
dh  . 

Elizabeth  River  Mainstem: 

Chi  a  • 

NO3  * 

NO^  * 
OPO^i 

D.O.  * 
pH  * 

B.  Metals 

Before  dump 
(Day  0) 

Wilk's  = 
F  . 
d.  f .  * 
P  = 

0.17 

1.67 

21,  41 
0.081 

N.S. 

After  dumo 
(Day  0) 

Wilk's  = 
F  = 
d.f.  = 

p  = 

0.15 

2.25 

13.  43 
0.015 

Southern  Branch:  Cu  • 

Fe  ■ 

Elizabeth  River  Mainstem: 

“  0  * 

End 

(Day  10) 


iJilk's  =  0.34 
F  =  3.70 
d.f.  =  21.  38 
D  =  tO.OOI 


Southern  Branch:  Cu  ■ 

Fe  ■ 

Elizabeth  Fiver  yainstem: 

^e  • 

"himbl e  Shoal :  -e . 


♦  Significant  degrees  of  'rpedom  not  available  for  ^our  treatment  multivartate  ;cmDar:scns 
on  a  single  dav. 
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Turbidites  in  all  treatments  increased  following  the  dump  and 
decreased  throughout  the  next  six  days  of  the  experiment  (Fig. 
A14).  Likewise,  SS  and  VNR  values  increased  following  the  dump, 
but  concentrations  returned  to  pre-dump  levels  or  lower  within  48 
hours  (Figs.  A15,  A16).  The  turbidities,  SS  and  VNR  values  of  the 
fine  sediments  of  the  "controls"  were  somewhat  higher  during  this 
period  than  those  of  the  experimental  treatments.  All  three  of 
these  parameters  declined  throughout  the  remainder  of  the 
experiment.  This  decline  was  possibly  associated  with  the  end  of 
a  phytoplankton  bloom  observed  ’n  all  barrels  (see  below). 

The  nutrients  in  the  seawater  were  much  higher  in  microcosm 
ffZ  than  in  microcosm  #1.  Nitrates  and  nitrites  were  detectable 
throughout  the  experiment,  but  did  not  appear  to  be  greatly 
affected  by  the  simulated  disposal  event  (Figs.  A18,  A19). 
Nitrites  tended  to  increase  towards  the  end  of  the  experiment. 
Ammonia  levels,  which  were  initially  quite  low,  appeared  to  be 
elevated  by  the  dump,  especially  in  the  tanks  containing  sediments 
from  the  Elizabeth  River  (SB,  EMS)  (Fig.  A19).  The  NH3  levels 
then  appeared  to  go  through  a  series  of  cycles.  The  TKN  levels 
did  not  appear  to  be  affected  by  the  introduction  of  any  of  the 
experimental  sediments  (Fig.  A20).  The  TKN  values  dropped  between 
days  3  and  4  and  then  cycled  until  the  end  of  the  experiment. 
Orthophosphates  which  were  quite  high  immediately  prior  to  the 
dump  appeared  to  be  slightly  depressed  by  the  simulated  disposal 
operations  (Fig.  A21).  The  values  tended  to  rise  throughout  the 
remainder  of  the  experiment.  The  TP  concentrations  were  initially 
quite  high  and  did  not  appear  to  be  affected  by  the  dump  (Fig. 
A22).  However,  as  with  TKN,  the  values  dropped  rapidly  between 


days  3  and  4.  Following  this  drop,  the  TP  values  were  essentially 
equal  to  the  OPO4  concentrations. 

Chlorophyll  &  values  were  very  high  during  the  acclimation 
period,  indicating  bloom  conditions  (Fig.  A23).  During  the  days 
following  the  dump,  the  chlorophyll  ^  values  declined  in  all  of 
the  barrels.  Chlorophyll  ^  was  quite  low  throughout  the 
experiment  except  on  day  2  when  there  was  a  peak  in  all  tanks 
(Fig  A24).  A  similar  pattern  was  observed  for  chlorophyll  c  and 
phaeophytin  (Figs.  A25,  A26). 

The  DO  concentrations  were  moderately  high  during  the 
acclimation  period,  but  did  not  appear  to  be  affected  immediately 
following  the  dump  (Fig.  A27).  However,  the  DO  levels  did  drop, 
particularly  on  the  days  (5  and  6)  following  the  phytoplankton 
bloom.  Values  never  dropped  below  6  ppm.  The  pH  values  were  very 
high  at  the  beginning  of  the  experiment,  but  declined  slightly  as 
the  autotrophic  activities  in  the  barrels  decreased  (Fig.  A28). 

The  MANCOVA  analysis  of  microcosm  #2  water  quality  data 
indicated  a  highly  significant  difference  between  the  treatments 
(Table  1).  The  univariate  tests  indicated  that  the  SB  and  EMS 
treatments  had  higher  levels  of  nitrites  and  nitrates  than  the  TS 
or  control  treatments.  The  SB  barrels  had  lower  concentrations  of 
chlorophyll  a,  DO  and  pH  and  higher  levels  of  OPO4  than  the 
controls.  On  the  other  hand,  the  EMS  treatment  had  higher  levels 
of  chlorophyll  a,  DO  and  pH  and  lowe*"  levels  of  OPO4  than  the 
controls. 

The  water  samples  were  analyzed  for  metals  immediately  before 
the  dump,  four  hours  after  the  dump,  and  ct  the  end  of  the 


experiment  (Table  2).  No  significant  differences  were  observed 
between  the  treatments  prior  to  the  dumps  in  either  of  the 


experiments.  Most  metals  except  Fe  and  Cu  decreased  in  all 
barrels  following  the  dump.  After  the  dump,  the  Fe  concentrations 
were  signif icant ly  higher  than  the  controls  in  the  SB,  EMS  and  HR 
treatments.  The  Cu  values  also  were  elevated  above  the  controls 
in  the  SB  treatment. 

Zooplankton 

Nearly  40  species  of  zooplankton  were  observed  in  the  HR 
treatment.  There  were  no  significant  differences  between  the 
major  zooplankton  communities  for  microcosm  #1  either  before  the 
dump  or  at  the  end  of  the  experiment  (Appendix  B). 

Similar  results  were  reported  in  microcosm  #2  for  the 
zooplankton  community  structure  studies  (Appendix  C).  No 
significant  differences  were  observed  between  the  zooplankton 
communities  exposed  to  the  various  treatments.  Over  20  taxa  of 
zooplankton  were  observed  in  the  barrels  at  the  end  of  the 
exper iments. 

Benthos 

Nearly  70  benthic  species  were  observed  in  both  the  control- 
and  HR  barrels  in  microcosm  fl.  There  was  a  significant 
difference  between  the  benthic  communities  exposed  to  the  four 
treatments  (Appendix  0).  The  univariate  tests  indicated  which 
treat me nt-taxa  combi  nations  were  significantly  different  from  the 
abundance  values  observed  for  the  "control -ad jacent"  communities. 
The  HR  dump  communities  had  lower  levels  of  the  annelids  Eteone 
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1 actea ,  Protodor  vi Ilea  kef erstei  ni ,  Paraprionospio  pi nnata, 
Po 1 yqordi us  s pp.;  nemerteans;  and  the  amphipod  Tr 1 chophoxus 
f 1  or i dana.  On  the  other  hand,  the  HR  adjacent  communities  had 
elevated  abundances  of  B»"ani  a  wel  Ifleetensis,  Eteone  i  actea  and 
Tr  1  chophoxus  floridana.  The  control  dump  communities  also 
exhibited  elevated  levels  of  certain  species:  Eteone  1 actea , 
Po 1 yqordi us  spp.,  nemerteans  and  Tri chophoxus  floridana. 

Over  55  taxa  were  observed  in  the  experimental  chambers  of 
microcosm  #2  (Appendix  E).  The  SB  and  EMS  treatments  produced 
significant  changes  in  benthic  community  structure  when  compared 
to  the  controls,  while  the  TS  treatment  did  not.  The  SB  "dump" 
treatment  significantly  lowered  the  abundance  of  the  annelids 
Nephtys  pi  eta  and  Sthenelais  boa;  the  bivalves  Ens i s  d i re  ct  us , 
Te 1 1 i na  agi 1  i  s  and  Spi so  1  a  sol idissima;  and  the  amp hi  pods 
Protohaustori us  s pp.  The  introduction  of  even  control  sediments 
appeared  to  cause  a  decrease  in  Jiic ta  densities.  The  SB- 
adjacent  chambers  had  significantly  elevated  densities  of  N . 
pi  eta.  The  EMS-dump  treatment  produced  reduced  levels  of  N.  picta 
and  Spi ophanes  bombyx ,  but  elevated  levels  of  Cap i tel  la  capi tata 
and  Polydora  social  is. 

Supplementary  MANOVA  models  compared  the  benthos  of  all  dump 
treatments  together,  as  well  as  the  communities  of  all  adjacent 
treatments.  None  of  the  adjacent  communities  proved  to  be  signi¬ 
ficantly  different  from  the  controls.  However,  the  dump  treat¬ 
ments  were  shown  to  be  significantly  different.  This  was  primarily 
due  to  the  previously  discussed  effects  of  the  SB-dump  and  the 
EMS-dump  treatment,  as  well  as  elevated  levels  of  Spi ophanes 
bombyx,  Nephtys  pi  eta  and  Ar i ci dea  wass i  in  the  TS-dump  chambers. 


In  order  to  visually  present  the  differences  in  benthic 
community  structure  associated  with  the  eight  treatments,  a  series 
of  discriminant  analyses  were  run  on  data  sets  producing 
significant  MANOVA  models.  Although  the  discriminant  analysis 
procedure  is  often  too  sensitive  to  represent  a  valid  statistical 
test,  it  does  provide  a  very  effective  means  of  data  presentation 
(Alden,  1984).  The  dependent  variables  can  be  related  to  the 
discriminant  functions  through  a  Pearson's  correlation  analysis  of 
the  benthic  abundance  data  with  the  discriminant  function  scores. 
Therefore,  the  axes  can  be  named  (in  descending  order  of 
significant  correlations)  so  that  the  relative  patterns  of  the 
groups  can  be  plotted  (Alden  et  ^.,  1981).  Figure  3  presents  the 
results  of  the  three  discriminant  models:  the  EMS  dump  and 
adjacent  communities  compared  to  the  control  dump  and  adjacent 
communities;  the  SB  dump  and  adjacent  with  the  two  control 
communities;  and  all  four  dump  communities  (SB,  EMS,  TS  and 
control).  The  TS  versus  controls  discriminant  model  and  the  model 
comparing  the  four  adjacent  communities  were  not  run  because  these 
compar'sons  were  not  shown  to  have  significant  differences  in  the 
definitive  MANOVA  tests. 

The  major  separation  among  the  EMS  versus  control  communities 
appears  to  be  due  to  a  somewhat  greater  abundance  of  certain  taxa 
in  the  control  groups:  Spiophones  bom  by x ,  Proto  ha  ustor  us 
amphipods,  Ne  pht  ys  £i_c^  and  Ar  i  c  i  de  a  w  as  s  i  (Fig.  3a).  The 
separation  between  the  dump  and  adjacent  treatments  of  both 
sediment  types  was  due  to  higher  numbers  of  N .  pi  eta ,  Nassar i us 
tri vittatus  and  A^  w a s s i  in  the  adjacent  treatments  relative  to 
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the  dump  communities;  and  the  higher  densities  of  Capitel  la 
capttata  and  Polydora  socialis  in  the  dump  treatments. 

The  SB  dump  was  greatly  separated  from  the  adjacent 
treatments  and  the  control  dump  communities  due  to  lower  numbers 
0  f  Hi  pi  eta ,  S.  bombyx ,  bivalves  { Tel  Tina  agi 1 i s ,  Ens i s  directus 
and  Spisul a  sol idissima).  and  Protohaustori us  amphipods  (Fig.  3b). 
The  SB  dump  did  have  somewhat  higher  values  of  three  annelids: 
Mediomastus  ambiseta,  C.  capitata  and  P^  social  is. 

When  all  four  dump  communities  are  compared,  the  SB  group  has 
the  lowest  densities  of  taxa  correlated  with  DFl  (e.g.  S.  bombyx, 
N.  pi  eta,  A.  wassi ,  the  bivalves,  and  the  amphipods)  and  the  TS 
samples  had  the  highest  (Fig.  3c).  The  EMS  dump  and  the  control 
dump  communities  were  very  similar  along  DFl.  The  differences 
between  these  two  groups  were  slight  and  tended  to  be  due  to 
somewhat  higher  concentrations  of  ^  direct  us,  Aricidea  cather inae 
and  Sthenelais  boa  in  the  controls. 
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Body  Burdens 

During  microcosm  #1,  the  benthic  infaunal  polychaetes  were 
analyzed  for  heavy  metals  (Table  3).  No  significant  treatment 
effects,  either  due  to  sediment  type  or  proximity,  were  observed 
in  the  metal  concentrations  of  these  organisms. 

The  Mercenaria  mercenaria  populations  placed  in  dump  trays 
during  microcosm  fl  were  analyzed  for  chlorinated  hydrocarbons 
(CHC‘s)  (Table  4).  The  multivariate  comparison  of  the  two 
treatments  was  only  marginally  significant  (p=0.059),  but  the 
univariate  tests  for  Heptachlor  epoxide  and  p,p-DDE  were 
significantly  higher  (ci=0.05)  in  the  HR  treatments.  The  mean 
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TABLE  3. 


Metal  concentration  (yg/g)  in  infaunal  annelids  from  microcosm  #1 
Standard  errors  are  in  parentheses. 


Treatment 


Control 

Hampton 

Roads 

Metal 

Adjacent 

Dump 

Adjacent 

Cadmium 

0.19 

0.68 

0.09 

0.43 

(Cd) 

(0.07) 

(0.46) 

(0.03) 

(0.18) 

Copper 

162.20 

286.20* 

62.33 

203.04* 

(Cu) 

(42.16) 

(99.24) 

(17.35) 

(66.82) 

Manganese 

11.83 

17.17 

12.32 

20.11 

(Mn) 

(3.26) 

(5.25) 

(7.69) 

(9.02) 

Nickel 

32.30 

160.90 

30.00 

87.75 

(Ni) 

(16.73) 

(153.50) 

(18.63) 

(61.06) 

Zinc 

356.67 

679.88 

353.62 

726.44 

(Zn) 

(180.90) 

(348.15) 

(258.77) 

(285.76) 

Iron 

1,347.39 

813.54 

406.88 

597.16 

(Fe) 

(601.55) 

(177.90) 

(103.53) 

(187.48) 

Lead 

8.36 

11.22 

4.97 

19.71 

(Pb) 

(3.11) 

(8.09) 

(3.43) 

(9.48) 

Results  of  MANOVA  tests  of  sediment  treatment  and  proximity  effects 
on  body  burdens  of  metals  in  annelids: 


Sediment 

(Control  vs.  Hampton  Roads) 


Proximity 

(Adjacent  vs.  Dump) 


Sediment  x  Proximity 


Wilk's  =  0.67 


Wilk’s  =  0.65 


Wilk's  =  0.61 


F  =  0.76 


F  =  0.83 


F  =  0.99 


d.f.  =  7,  11 
p  =  0.63 


d.f,  =  7,  11 
p  =  0.58 


d.f.  =  7,  11 
p  =  0.49 


*  Univariate  tests  indicated  that  adjacent  annelids  had  significantly  higher 
concentrations  than  did  those  exposed  to  dump  conditions. 


TABLE  4.  Chlorinated  hydrocarbon  concentrations  (ng/g)  in  Mercenaria  mercenaria 
Standard  errors  are  in  parentheses. 


Treatment 


CHC 

Detection  Levels 

Hampton  Roads  Sediment 

Control 

(ng/g) 

a-BHC 

7 

14 

13 

(2) 

(1) 

Lindane 

7 

7 

BDL 

(0.6) 

Aldrin 

7 

23 

12 

(8) 

(2) 

Heptachlor  epoxide 

7 

20^ 

9 

(3) 

(2) 

Kepone 

98 

BDL 

BDL 

o,p-D0T 

12 

42 

38 

(17) 

(20) 

p,p-DDD 

12 

BDL 

BDL 

p.p-DOT 

12 

13 

BDL 

(7) 

p,p-DDE 

12 

27^ 

15 

(4) 

(3) 

PCB’s 

60 

BDL 

BDL 

Results  of  MANOVA  tests  of  treatment  effects  on  body  burdens  of  pestici 


Wilk's  =  0.15 
F  =  3.80 
d.f.  =  9,  6 
p  =  0.059 


f 

=  Siqnificant  difference  (ct=0.05l  in  univariate 
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values  of  other  CHC's  appeared  to  be  somewhat  higher  in  the  clams 
exposed  to  HR  sediments,  but  all  concentrations  were  very  near  to 
detection  limits,  so  the  variation  between  replicates  was  high. 
However,  the  fact  that  all  values  were  either  very  low  (low  ppb) 
or  not  detectable  indicates  that  CHC  uptake  from  HR  sediments  is 
of  little  ecological  concern. 

During  the  microcosm  ff2  experiments,  Mercenaria  mercenaria 
populations  exposed  to  dump  conditions  were  analyzed  for  heavy 
metals  (Table  5).  None  of  the  exposure  conditions  produced  body 
burdens  of  metals  that  were  significantly  different  from  those  of 
the  controls. 

The  clams  from  the  microcosm  #2  experiment  were  analyzed  for 
PNAH's.  The  decision  to  analyze  for  PNAH's  rather  than  CHC's  was 
based  upon  the  findings  of  studies  conducted  between  the  two 
microcosms  (Alden  and  Hall,  1984;  Alden  e_t  ^ J .»  1985a, b)  which 
indicated  that  the  former  class  of  toxins  were  of  far  greater 
ecological  concern  to  the  region  than  the  latter.  The  results  of 
the  microcosm  #1  experiment  also  indicated  that  the  initial 
concerns  over  significant  Kepone  bioaccumulation  in  organisms 
exposed  to  sediments  from  the  Hampton  Roads  area  were  unfounded. 
The  results  of  the  PNAH  analyses  are  presented  in  Table  6.  Only 
the  clams  exposed  to  SB  sediments  contained  PNAH's  above  detection 
limits:  fluoranthene  (FI),  pyrene  (Pyre),  chrysene  (Ch),  and 
benzo(k)  f  1  uoranthene  (3(k/Fl;.  Of  these  PNAH's,  FI  and  Pyre  were 
the  two  which  exhibited  mean  concentrations  >,iiat  had  95» 
confidence  limits  that  did  not  contain  zero  (the  default  value 
used  for  BDL  measurements  in  the  statistical  analyses).  Therefore 
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TABLE  5.  Metal  concentrations  (yg/g)  in  Mercenaria  mercenaria.  Standard  errors 
are  in  parentheses. 


Treatment 


Metal 

Control 

Southern  Branch  of 
Elizabeth  River 

Mai  ns tern  of 
Elizabeth  River 

Thimbl e 
Shoal  Channel 

Cadmi urn 

3.57 

3.61 

3.32 

3.93 

(Cd) 

(1.00) 

(0.58) 

(0.50) 

(0.99) 

Copper 

12.67 

14.89 

14.45 

15.24 

(Cu) 

(0.98) 

(0.64) 

(1.29) 

(1.94) 

Manganese 

11.31 

10.33 

10.07 

23.30 

(Mn) 

(2.89) 

(1.60) 

(3.13) 

(8.32) 

Nickel 

18.81 

21.91 

23.36 

17.23 

(Ni) 

(3.08) 

(4.80) 

(3.72) 

(1.31  ) 

Zinc 

153.16 

172.75 

150.12 

142.59 

(Zn) 

(16.13) 

(30.93) 

(17.02) 

(11.85) 

Iron 

162.57 

118.07 

94.44 

211.68 

(Fe) 

(48.94) 

(24.82) 

(4.85) 

(22.64) 

Results  of  MANOVA  tests  of  treatment  effects  on  body  burdens  of  metals: 


Wilk's  =  0.19 
F  =  0.89 
d.f.  =  18,  20 

p  =  0.60 
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TABLE  6.  PNAH's  concentrations  (ng/g)  in  Mercenaria  mercenaria.  Standard  errors 
are  in  parentheses. 


Treatment 


PNAH 

Control 

Southern  Branch  of 
Elizabeth  River 

Mainstem  of 
Elizabeth  River 

Thimble 
Shoal  Channel 

Naphthalene 

(N) 

BDL 

BDL 

BDL 

BDL 

Acenaphthylene 

Ucy) 

BDL 

BDL 

BDL 

BDL 

Acenaphthalene 

(Ace) 

BDL 

BDL 

BDL 

BDL 

Fluorene 

(F) 

BDL 

BDL 

BDL 

BDL 

Dibenzothiopene 

(DiB) 

BDL 

BDL 

BDL 

BDL 

Phenanthrene 

(Ph) 

BDL 

BDL 

BDL 

BDL 

Anthracene 

(A) 

BDL 

BDL 

BDL 

BDL 

Fluoranthene 

(FI) 

BDL 

765^ 

(46) 

BDL 

BDL 

Pyrene 

(Pyre) 

BDL 

327  ^ 

(38) 

BDL 

BDL 

Benzo( a) Anthracene 
(B(a)A) 

BDL 

BDL 

BDL 

BDL 

Chrysene 

(Ch) 

BDL 

190 

(190) 

BDL 

BDL 

Di benzo( a ,h) anthracene 
(DiB(a,h)A) 

BDL 

BDL 

BDL 

BDL 

1 ,12-Benzoperylene 
(BP) 

BDL 

BDL 

BDL 

BDL 

Benzo( a)pyrene 
(B(a)P) 

BDL 

BDL 

BDL 

BDL 

Benzo(b)fl uoranthene 
(B(b)Fl) 

BDL 

BDL 

BDL 

BDL 

Benzo( k ) f 1 uoranthene 
(B(k)Fl) 

BDL 

293 

^293) 

BDL 

BDL 

Indeno(  1 ,2,3-cd)p'/rene 
(IP) 

BDL 

BDL 

BDL 

BDL 

=  Significantly  (a=0.05)  higher  than  control  levels  based  upon  95  confidence 
limits  of  non-zero  means. 
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DISCUSSION 


Water  Quality  Effects 

The  differences  in  water  quality  patterns  observed  in  the  two 
microcosm  experiments  is  believed  to  be  due  to  the  initial 
conditions  of  the  water  in  the  barrels  at  the  time  of  the  experi¬ 
ments.  Microcosm  #1  was  conducted  during  a  mid-summer  period 
(July)  when  nutrients  and  the  associated  phytoplankton  activities 
are  typically  low  in  coastal  waters  in  the  vicinity  of  the  NDS 
(Alden  ^  1984b;  Alden  and  Butt,  1985  ).  Therefore,  the 
phytoplankton  populations  were  quite  low  at  the  beginning  of 
microcosm  #1  (as  evidenced  by  chlorophyll  ^  concentrations),  and 
probably  limited  by  the  low  values  of  inorganic  nutrients  (e.g. 
^*^2,  NO3,  0P04)-  The  NH3  and  TKN  values  were  already  quite  high, 
but  these  potential  nutrients  and  TP,  in  particular,  were  elevated 
by  the  introduction  of  sediments  in  both  treatments.  A  period  of 
microbial  activity  apparently  followed  during  which  time  ammonia 
was  broken  down  by  nitrification  and  the  organic-bound  nutrients 
(TP  and  TKN)  were  remineralized.  Microbial  respiration  during 
this  period  (i.e.  the  4-5  days  following  the  dump)  is  believed  to 
be  responsible  for  the  drop  in  oxygen  and  pH  readings. 

The  nutrients  released  during  this  period  of  microbial 
activity  stimulated  a  phytoplankton  bloom,  which  apparently  used 
the  inorganic  nutrients  as  they  were  being  produced.  Therefore, 
the  organic  nutrients  (NH3»  TKN,  TP)  declined  while  the 
phytoplankton  populations  grew,  without  the  intermediate  inorganic 
nutrients  building  up  to  detectable  concentrations.  In  other 
words,  the  increased  flux  of  nutrients  rather  than  the  absolute 


concentrations  attained  in  the  water  appeared  to  have  stimulated 
the  bloom  in  a  previously  nutrient-limited  system.  It  is 
suspected  that  the  organic  materials  and  the  suspended  solid  load 
introduced  by  the  sediments  during  the  dump  stimulated  the 
microbial  re mineralization  process  that  initiated  this  sequence. 
However,  differences  between  the  two  treatments  were  minimal  and 
the  overall  water  quality  patterns  in  all  barrels  were  nearly 
identical. 

The  initial  conditions  in  microcosm  were  quite  different. 
The  experiments  were  conducted  during  the  spring  (late  May,  early 
June)  when  phytoplankton  populations  (chlorophyll  were  in  a 
bloom  condition  and  the  nutrients  appeared  to  be  quite  high.  Such 
spring  blooms  are  common  in  coastal  ecosystems.  The  dump 
increased  turbidities,  suspended  solids,  and  VNR  levels  in  all 
barrels.  However,  as  with  the  microcosm  ffl  experiments,  these 
changes  were  transient,  lasting  less  than  48  hours. 

During  the  days  following  the  dump,  the  chlorophyll  ^  in  all 
barrels  declined  rapidly.  On  day  2  following  the  dump, 
chlorophylls  ^  and  c  suddenly  peaked.  Although  it  cannot  be 
established  with  certainty  that  this  event  was  related  to  the  end 
of  bloom  conditions,  the  apparent  concentrations  of  these 
chlorophylls  may  represent  interferences  associated  with  the 
formation  of  various  phaeo-pigments  by  senescent  phytoplankton 
populations.  Phaeophytin  ^  also  peaked  at  this  time,  lending 
evidence  to  this  speculation.  All  the  water  quality  patterns 
fol lowing  this  period  clearly  indicated  post-bloom  conditions: 
lower  turbidities  and  VNR  concentrations;  declining  TP  values; 
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increasing  OPO4  and  NO2  levels;  and  decreasing  DO  and  pH  readings. 

The  decline  of  bloom  conditions  in  the  chambers  could  be  due 
to  a  natural  cycle  of  events  that  would  have  occurred  in  the 
field.  On  the  other  hand,  the  "crash"  could  have  been  triggered 
by  the  lowered  light  conditions  associated  with  post-dump 
turbidities.  At  bloom  conditions,  the  phytoplankton  may  have 
rapidly  declined  due  to  the  lower  light  conditions  which  may  have 
been  insufficient  to  maintain  the  growth  of  high-density  popula¬ 
tions.  It  is  interesting  to  note  that  the  EMS  treatment  condi¬ 
tions,  which  had  a  lower  suspended  solid  load  immediately 
following  the  dump,  maintained  higher  chlorophyll  &  readings  and 
primary  production  activities  (as  indicated  by  higher  DO  and  pH 
readings)  during  the  period  of  post-bloom  decline.  The  SB  treat¬ 
ment  appeared  to  accelerate  the  decline  of  phytoplankton  popula¬ 
tions  and  the  indicators  of  primary  production  (DO  and  pH). 
However,  this  effect  can  not  be  tied  to  the  SS  load  alone  since 
the  fine  control  sediments  produced  a  higher  load  with  less  of  a 
response.  A  toxic  effect  appears  to  be  indicated.  Previous 
microcosm  studies  (Alden  £t  aj_.,  1981)  showed  a  similar  depression 
of  phytoplankton  populations  (as  indicated  by  chlorophyll  ^)  ex¬ 
posed  to  sediments  from  the  Southern  Branch  of  the  Elizabeth 
River.  Elutriates  of  sediments  from  this  region,  as  well  as  water 
taken  directly  from  the  River  have  shown  relatively  high  concen¬ 
trations  of  1-4  ring  aromatic  compounds  (Banks,  1977;  Garbowsky, 
1983;  Alden  and  Hall,  1984)  which  would  potentially  be  found  in 
the  water  column  of  the  SB  treatments.  Such  compounds  are  known 
to  be  toxic  to  phytoplankton  populations. 


The  water  q ua 1 i ty  patterns  observed  in  the  two  microcosms  may 
or  may  not  have  an  ecological  analog  for  real  disposal  operations. 
The  tests  were  static,  whereas  the  dynamic  waters  of  open  ocean 
disposal  sites  such  as  NDS  tend  to  have  great  capacities  for 
dilution  and  dissipation.  Therefore,  occasional  disposal  opera¬ 
tions  by  hopper  barges  would  be  expected  to  have  little  effect  on 
the  water  quality  of  the  region.  More  intensive  operations  for 
longer  periods  of  time,  such  as  may  be  exp ec ted  during  new  harbor 
deepening  projects,  would  be  expected  to  have  a  greater  potential 
for  effects.  Fortunately,  the  results  of  microcosms  indicate  that 
the  potential  impacts  if  they  did  occur,  would  be  subtle  and  may 
not  be  adverse:  the  tendency  for  increasing  phytoplankton  popula¬ 
tions  during  periods  of  low  productivity  and  decreasing  the 
populations  during  bloom  conditions.  Elevated  turbidity  and 
suspended  solid  loads  would  be  expected  to  be  localized  and 
transient.  The  only  real  ecological  concern  would  be  for  the 
apparent  toxicity  of  the  SB  sediments  for  the  phytoplankton 
common i ties. 

The  metals  in  the  water  study  indicated  very  subtle  changes 
due  to  the  simulated  dumps.  In  microcosm  #1,  iron  was  observed  to 
be  elevated  in  the  HR  treatment  tanks  following  the  dump.  This 
trend  was  not  too  suprising  since  the  SS  load  of  the  finer  HR 
sediments  contained  a  higher  iron  content  than  the  NDS  sediments 
(Alden  e_t  ^2.,  1981).  By  the  end  of  the  experiment,  iron  levels 
in  the  HR  barrels  had  returned  to  control  levels.  In  fact,  zinc 
levels  in  the  HR  barrels  were  somewhat  below  those  of  the  controls 
or  the  initial  pre-dump  concentrations,  possibly  due  to  scavenging 


by  the  SS  load  and/or  by  co-precipitation  with  iron. 

The  microcosm  #2  metals  in  the  water  study  produced  similar 
results;  iron  values  increased  in  the  water  of  the  two  Elizabeth 
River  treatments  (EMS  and  SB)  immediately  following  the  dump. 
However,  the  concentrations  of  all  other  metals  tended  to  decrease 
following  the  dump  in  all  barrels.  The  scavenging  of  the  metals 
by  the  introduced  sediments  is  a  possible  explanation.  Iron 
remained  elevated  in  the  SB  barrels  (relative  to  the  controls)  at 
the  end  of  the  experiment,  but  the  concentrations  were  very  close 
to  the  pre-dump  values. 

The  effects  of  the  simulated  dumps  on  the  metals  in  the  water 
column  appears  to  be  of  minimal  ecological  importance.  Iron  has 
an  extremely  low  toxicity,  even  in  the  dissolved  form.  Further¬ 
more,  it  is  believed  that  most  of  the  iron  was  associated  with  the 
SS  load  and  not  very  biologically  available.  Perhaps  the  greatest 
effect  noted  in  both  microcosms  is  that  metals  actually  decreased 
following  the  dump  and  remained  lower  at  the  end  of  the  experi¬ 
ments.  This  phenomenom  has  been  noted  in  previous  microcosm 
studies  (Alden  £t  a^.,  1981).  Therefore,  the  effect  of  ocean 
disposal  might  be  to  actually  lower  the  water  column  concentra¬ 
tions  of  certain  metals. 


Biological  Effects 

Zooplankton  populations  have  been  shown  to  be  sensitive  to 
exposure  of  the  suspended  solid  fraction  of  sediments  from  the 
Southern  Branch  of  the  Elizabeth  River,  either  in  single  species 
bioassays  (Alden  and  Crouch,  1984)  or  in  multiple  species 
microcosms  (Alden  e^  ll*.  1981).  However,  the  dredging  of  the 


collection  sites  in  the  Southern  Branch  in  the  fall  of  1981 
decreased  the  degree  of  contamination  (Alden  and  Hall,  1984)  and 
the  toxicity  of  the  sediments  (Alden  and  Young,  1984;  Alden  £t_ 
a^2*»  1984a;  Alden  e_t  1985b).  Although  these  studies  have 
indicated  that  the  contamination/toxicity  of  the  sediments  of  this 
region  has  begun  to  return  since  dredging,  the  zooplankton  exposed 
to  the  relatively  dilute  SS  fraction  in  microcosms  conducted 
approximately  18  months  after  dredging  showed  no  significant 
effects  on  community  structure. 

Likewise,  the  zooplankton  communities  exposed  to  EMS,  TS  or 
HR  sediments  were  not  significantly  affected.  The  estimated  96- 
hour  LC50  value  for  the  copeopod  Acartia  tonsa  exposed  to  the  SS 
load  of  fine,  uncontaminated  sediments  is  approximately  75  mg/1 
(Alden  and  Crouch,  1984).  Since  the  suspended  solids  in  all  of 
the  barrels  never  approached  this  level  even  immediately  following 
the  dump,  no  mortality  due  to  the  physical  effects  of  the 
materials  would  be  exp ec ted.  Since  no  relative  effects  were  seen 
between  treatments,  it  is  assumed  that  the  toxicity  of  all 
sediments  tested  is  negligible  for  the  organisms  of  the  water 
column . 

As  with  previous  microcosm  studies  (Alden  et  1981),  the 
effects  of  the  sediments  on  the  benthic  communities  was  signifi¬ 
cant  but  subtle.  The  majority  of  taxa  not  in  trace  densities 
appeared  in  all  treatments,  so  the  responses  of  the  benthos  to 
various  sediment  types  consisted  of  differences  in  relative 
abundance.  Community  structure  changes  generally  consisted  of 
decreased  densities  of  what  are  considered  clean-sand  faunal 


assemblages  in  the  dump  trays  of  certain  sediments. 

The  most  significant  responses  were  observed  in  the  SB  dump 
treatments.  Bivalves,  amphipods  and  certain  sand -dwe 1 1  i ng  worms 
were  all  observed  to  be  in  relatively  lower  densities  in  this 
treatment.  Survival  of  the  bivalves  Ens i s  d i rect us ,  Tel  1 i n a 
1 i s ,  and  Spisula  solidissima;  the  amphipods  Protohaustorlus 
s pp.;  and  the  annelids  Sthenelais  boa  and  Nephtys  picta  appeared 
to  be  lower  in  the  SB  dump  than  in  the  other  treatments.  All  of 
these  taxa  are  typical  of  clean,  sandy  habitats.  Nephtys  pi  eta  is 
a  strong  swimmer  (Dr.  D.M.  Dauer,  personal  communication)  which 
may  have  moved  out  of  the  dump  trays,  through  the  microcosms  and 
into  the  adjacent  trays.  Such  an  active  substrate  selection  was 
observed  for  mobile  taxa  in  previous  microcosms  (Alden  et 
1981).  This  species  displayed  a  similar  pattern  in  the  control- 
dump  treatment  with  clean  fine  sediments,  so  at  least  part  of  the 
effect  may  have  been  an  active  preference  for  a  coarser  grain 
substrate.  The  remaining  taxa  did  not  display  significant 
reductions  in  the  fine  sediment  control-dump,  so  it  is  believed 
that  their  response  is  due  to  the  toxicity  of  the  SB  sediments. 
Thus,  the  post-dredging  return  of  toxicity  observed  in  bioassays 
(Alden  and  Young,  1984)  has  also  been  observed  in  these 
microcosms.  No  benthic  community  structure  responses  were 
observed  nine  months  after  dredging  (Alden  e_t  aj^.,  1985a),  but  the 
results  of  the  present  study  indicated  clear  changes  to  be 
associated  with  exposure  to  sediments  collected  18  months  after 
the  dredge  operations. 

The  effects  of  the  EMS  sediments  were  less  significant  and 
far  more  subtle.  In  fact,  the  community  structure  changes 


observed  to  be  associated  with  the  EMS-dump  treatment  were  similar 
to  those  seen  for  the  control-dump  treatment.  Therefore,  much  of 
the  observed  changes  are  believed  to  be  due  to  particle  size 
effects  (e.g.  fine  sediment  taxa  such  as  Capi te  1  la  capi t ata, 
replacing  sand-loving  taxa  such  as  Nephtys  pi  eta  o  r  Spi ophones 
bombyx)  rather  than  toxic  effects.  The  TS  treatments  produced  no 
significant  adverse  effects.  In  fact,  the  exposed  communities  had 
somewhat  higher  densities  of  taxa  affected  by  the  fine  sediments 
(e.g.  bivalves,  amphipods,  sand-loving  worms)  than  did  in  the 
other  dump  treatments.  The  TS  sediments  from  the  Chesapeake  Bay 
are  coarser  than  the  other  test  sediments  and  more  like  those  of 
NDS.  The  TS  sediments  have  also  been  shown  to  be  relatively 
uncontaminated  and  non-toxic  (Alden  ej^  ^1.,  1981;  Alden  et  a  1  . , 
19a5b).  Therefore,  the  observed  results  are  not  surprising. 

The  effects  of  the  HR  sediment  treatments  were  far  more 
subtle  than  those  observed  for  the  other  sediments.  Despite  the 
fact  that  the  treatments  had  twice  the  number  of  replicates  of 
those  in  microcosm  #2  (and,  therefore,  higher  degrees  of  freedom 
in  a  statistical  sense),  the  community  structure  changes  were 
barely  significant  at  the  a=0.05  level.  The  dump  conditions  were 
associated  with  lower  densities  of  certain  sand-loving  worms, 
nemerteans,  and  the  s and -dwe 1 1  i ng  amphipod  Trichophoxus  floridana. 
However,  some  of  these  forms  were  observed  to  occur  in  greater 
abundances  in  the  HR  adjacent  treatment,  possibly  as  a  result  of 
active  substrate  selection  between  the  treatment  chambers  (Alden 
et  aj.,  1981).  It  is  felt  that  much  of  the  subtle  changes  are  due 
to  sediment  size  effects  (i.e.  fine  HR  sediments  on  sand -dwe 1 1  i ng 


NDS  communities).  However,  since  a  fine  sediment  control  was  not 
used  in  this  particular  experiment  (i.e.  NDS  sediments  were  used 
as  reference  materials),  this  trend  cannot  be  demonstrated 
cone lus ive ly. 

Perhaps  the  most  significant  finding  of  the  benthic  studies 
is  that  "adjacent"  communities  appear  adversely  to  not  be  affected 
by  the  simulated  disposal  of  the  sediments  tested.  If  any  effect 
is  noted,  it  is  that  the  adjacent  communities  may  be  enriched  by 
taxa  leaving  the  dump  conditions  and  actively  seeking  clean  sub¬ 
strates.  The  communities  tested  are  adapted  to  the  highly  dynamic 
coastal  environments.  Therefore,  they  appear  to  be  able  to 
tolerate  the  periodic  impact  of  sediment  loads.  It  is  assumed 
that  the  dilution  of  any  contaminants  by  the  rather  large  volume 
of  water  passing  over  the  dredged  materials  is  responsible  for  the 
lack  of  significant  toxic  effects.  Of  course,  the  dilution  fact 
or  of  the  water,  or  for  that  matter  of  surrounding  clean  sedi¬ 
ments,  would  be  expected  to  be  much  greater  in  the  field  than  in 
the  microcosms. 

The  lack  of  adverse  effects  to  the  adjacent  communities  even 
under  "worst  case"  static  conditions  is  of  ecological  importance. 
It  suggests  that  benthic  communities  living  in  the  proximity  of  an 
open  ocean  disposal  site  (i.e.  in  habitats  not  directly  receiving 
layers  of  dredged  materials)  would  not  be  expected  to  be  acutely 
impacted  by  disposal  operations. 

Body  Burden  Effects 


The  organisms  exposed  to  test  sediments  in  the  microcosms  did 
not  exhibit  any  higher  body  burdens  of  heavy  metals  than  did  the 
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controls.  In  the  first  microcosm,  neither  sediment  type  nor 
proximity  produced  significant  effects  in  the  multivariate  models. 
In  fact,  the  mean  concentrations  of  most  metals  were  higher  in  the 
worms  from  the  adjacent  trays  than  in  those  directly  exposed  to 
the  dumped  sediments.  This  trend  only  proved  to  be  statistically 
significant  for  copper.  However,  a  similar  pattern  was  observed 
in  previous  studies  of  the  area  (Alden  ejt  al.  1984c).  Organisms 
exposed  to  fine,  organic-rich  sediments  exhibited  less  accumula¬ 
tion  of  metals  than  those  exposed  to  coarser  materails,  despite 
the  fact  that  the  latter  had  a  much  lower  bulk  concentration.  The 


fine  organic-rich  sediments  are  believed  to  bind  the  metals 


more 


strongly  than  the  sandier  materials,  thus  lowering  their 
bioavailability  and  potential  for  uptake.  This  trend  appears  to 
be  the  case  with  the  fine  HR  sediments  and  may  be  the  general 
explanation  why  so  few  studies  on  "contaminated"  dredged  materials 
have  ever  demonstrated  significant  bioaccumulation  of  metals  (Neff 
et  a  1  .,  1978;  Engler,  1978;  Peddicord  and  Hansen,  1983;  Rubenstein 
e_t  a  J^. ,  1983). 

The  clams  exposed  in  the  second  microcosm,  likewise,  did  not 
exhibit  significant  bioaccumulation  of  metals  following  exposure 
to  the  test  sediments.  The  levels  were  somewhat  higher  than  those 
observed  in  the  same  species  during  static  bioaccumulation  experi¬ 
ments  on  sediments  from  the  same  regions  (Alden  ^  al->  1985  b). 
However,  this  trend  was  to  be  expected.  Clams  exposed  to  more 
"natural"  conditions  of  the  micrcosms  accumulated  relatively 
higher  levels  of  metals  than  those  maintained  in  static  bioassays 
(Alden  ej^  li*.  1985a).  The  levels  of  metals  in  the  clams  were 
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either  slightly  lower  than  or  equal  to  those  observed  in  the 
previous  microcosms  (Alden  e_t  §.!•»  1985a).  The  lack  of  signifi¬ 
cant  accumulation  of  metals  in  the  test  clams  of  microcosm  fZ  is 
believed  to  be  due  to  the  same  sediment-binding/  low 
bioavailability  pattern.  This  speculation  is  supported  by  the  fact 
that  significant  bioaccumulation  of  metals  in  clams  was  only 
observed  when  coarser  dredged  materials  from  certain  areas  of  the 
Port  were  tested  (Alden  e_t  aj,.,  1985b).  Even  in  the  microcosm  #2 
experiment,  the  mean  concentrations  of  most  metals  were  somewhat 
higher  in  clams  exposed  to  TS  sediments,  which  were  somewhat 
coarser  and  lower  in  organic  content  than  the  control  and  test 
sediments.  The  overall  recurring  pattern  suggests  that  bioaccumu¬ 
lation  of  heavy  metals  should  be  negligible  following  ocean 
disposal  of  virtually  all  dredged  materials  from  the  Port. 

During  microcosm  #1,  the  clams  exposed  to  HR  and  control 
sediments  were  analyzed  for  CHC's.  The  uptake  of  Heptachlor 
epoxide  and  p,p-DDE,  the  breakdown  product  of  DDT,  were 
significantly  higher  in  the  clams  exposed  to  control  sediments. 
However,  all  of  the  CHC  concentrations  were  extremely  low  (BDL  or 
low  ppb)  and  believed  to  be  of  very  little  environmental 
consequence.  Similar  conclusions  were  reached  during  the 
extensive  bioaccumulation  investigations  of  sediments  from 
throughout  the  Port  (Alden  ^  ^.,  1985b). 

The  concentrations  of  most  PNAH's  in  clams  taken  from  the 
microcosm  #2  tests  were  generally  below  detection  limits.  The 
exceptions  were  FI,  Pyre,  Ch  and  B(k)Fl  in  clams  exposed  to  SB 
sediments.  Sediments  from  this  region  have  been  shown  to  be 
highly  contaminated  with  PNAH's  (Alden  and  Hall,  1984). 


These  same  basic  group  of  intermediate  weight  PNAH's  were 
seen  to  have  the  greatest  bioaccumulation  potential  in  previous 
studies  of  the  sediments  of  the  region  (Alden  ejt  aX*.  1985a, b). 
Alden  et  aX-  (1985a)  discuss  possible  mechanisms  for  this 
particular  bioaccumulation  pattern. 

The  concentrations  of  the  PNAH's  in  microcosm  #2  clams  to  SB 
sediments  taken  18  months  after  dredging  were  higher  than  the 
levels  observed  in  clams  from  a  microcosm  experiment  testing 
sediment  from  the  same  region  only  nine  months  after  dredging 
(Alden  e_t  aX*.  1985a),  so  the  b  i  o  acc  umu  1  a  t  i  o  n  potential  of  the 
sediments  appears  to  have  increased  as  these  contaminants  re¬ 
invaded  the  channel  during  the  post-dredging  period.  The 
bioaccumulation  potential  may,  in  fact,  be  still  increasing  with 
time  since  the  re-invasion  of  the  PNAH's  into  the  sediments  of  the 
channel  had  not  reached  pre-dredging  levels  by  the  time  all 
biological  assessments  were  completed  in  1983  (Alden  and  Hall, 
1984).  A  further  point  should  be  made  that  Mer cenar  1  a  mercenar ia 
populations  do  not  accumulate  the  PNAH's  to  as  great  a  level  as  do 
Pa  1 aeomonetes  p u q i o  or  Myt i 1  us  ed u 1  is  in  10-day  bio accumulation 
experiments.  As  a  result,  the  extent  of  the  problem  may  be 
underestimated  by  1-2  orders  of  magnitude  (Alden  e_t  ^X*»  1985  b). 
It  is  the  potential  uptake  of  toxic/carcinogenic  compounds  by 
biota  living  in  the  vicinity  of  the  NDS  that  make  the  SB  sediments 
of  greatest  ecological  concern.  Therefore,  the  results  of  the 
microcosm  study  tend  to  confirm  the  recommendations  from  previous 
studies  (Alden  ^  ^X •>  1981;  Alden  and  Young,  1982;  Alden  and 
Hall,  1984;  Alden  and  Young,  1984;  Alden  et  al.,  1984a;  Alden  e_t 
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a1 ..  1985b)  that  the  sediments  from  this  particular  region  (in  the 
vicinity  of  Stations  M,  N  and  0)  not  be  considered  for  ocean 
disposal.  The  remaining  sediments  tested  from  throughout  the  Port 
appear  to  pose  no  problems  in  terms  of  bioaccumulation  potential. 


SUMMARY  AND  CONCLUSIONS 


Microcosm  experiments  were  conducted  to  test  the  relative 
quality  of  sediments  taken  from  representative  dredge  project 
areas  throughout  the  Port  of  Hampton  Roads.  The  microcosms  were 
designed  to  simulate  certain  field  conditions  so  that  natural 
assemblages  of  zooplankton  and  benthos  could  be  exposed  to 
potential  dredged  materials  under  more  “realistic"  conditions  than 
can  be  achieved  in  the  traditional  10-gallon  tank  static 
bioassays.  The  changes  in  community  structure,  water  quality  and 
body  burdens  of  toxins  were  monitored  in  the  microcosms  following 
simulated  "dumps"  of  various  sediment  types:  materials  taken  from 
the  Thimble  Shoal  access  channels  in  the  Chesapeake  Bay  (TS);  the 
Hampton  Roads  Harbor  (HR);  the  mainstem  of  the  Elizabeth  River 
(EMS);  the  Southern  Branch  of  the  Elizabeth  River  (SB);  as  well  as 
control  sediments. 

The  water  quality  patterns  in  the  two  microcosms  following 
the  dumps  were  quite  different.  The  observed  differences  between 
the  two  experiments  were  apparently  due  to  seasonally  divergent 
initial  conditions.  When  the  seawater  introduced  into  the  micro¬ 
cosm  barrels  was  taken  from  the  field  during  a  period  of  low 
primary  production  in  mid-summer,  the  introduction  of  sediments, 
either  control  or  experimental,  stimulated  microbial  remineraliza¬ 
tion  of  nutrients.  The  increased  flux  of  nutrients  that  were 
formerly  limiting  stimulated  a  phytoplankton  bloom  and  all  the 
associated  changes  in  water  quality.  However,  when  bloom  condi¬ 
tions  existed  at  the  beginning  of  the  experiments,  the  post-dump 
turbidites  in  all  treatments  appeared  to  trigger  a  phytoplankton 


population  "crash"  to  more  moderate  densities.  In  both  of  these 
situations,  almost  all  treatments  produced  similar  overall  re¬ 
sults.  Post-dump  differences  between  treatments  were  transient, 
lasting  less  than  48  hours.  The  only  treatment  effect  which  would 
be  of  concern  to  the  water  quality  of  a  disposal  site  was  the 
apparent  toxicity  of  the  suspended  solid  load  of  SB  sediments  to 
the  phytoplankton  populations. 

The  effects  of  the  simulated  dumps  on  metals  in  the  water 
column  was  minimal.  Iron  was  the  only  metal  to  be  elevated 
immediately  after  the  dump  of  all  sediment  types.  Most  metal 
concentrations  actually  decreased  after  the  dump,  probably  due  to 
scavenging  of  metals  by  the  transient  post-dump  S.S.  load.  The 
ecological  impact  of  this  pattern  would  be  negligible. 

None  of  the  treatments  produced  a  significant  impact  on  the 
zooplankton  communities.  Previous  microcosms  and  bioassays 
indicated  that  SB  sediments  were  quite  toxic  to  zooplankton,  but 
that  the  toxicity  disappeared  following  maintenance  dredging  of 
the  region.  Apparently,  the  toxicity  of  the  sediments  did  not 
return  within  the  18-month  post -dredg ing  period  to  the  point  that 
the  dilute  exposure  received  by  the  zooplankton  in  the  microcosm 
water  column  would  prove  lethal. 

The  benthic  community  studies  indicated  that  most  of  the  taxa 
observed  survived  all  treatments.  Therefore,  the  major  effects 
were  subtle  shifts  in  community  structure  associated  with 
differences  in  relative  survival  of  certain  taxa.  Clean  sand- 
loving  annelids,  bivalves,  and  amphipods  were  affected  by  the 
introduction  of  fine  sediments,  whether  test  or  control.  However, 


the  SB  sediments  produced  significant,  presumably  toxic,  effects 
that  could  not  be  attributed  to  particle  size  alone.  None  of  the 
adjacent  communities  exhibited  significant  treatment  effects,  so 
benthic  communities  in  the  vicinity  of  a  disposal  site  (i.e.  not 
directly  receiving  the  solid  phase  of  sediments)  would  not  be 
expected  to  be  greatly  impacted  by  any  disposal  operations. 

The  body  burden  studies  indicated  that  biota  exposed  to  all 
of  the  dredged  materials  did  not  significantly  accumulate  heavy 
metals.  Likewise,  the  bioaccumulation  potential  of  chlorinated 
hydrocarbons  in  all  sediments  were  seen  to  be  negligible. 
However,  biota  exposed  to  SB  sediments  did  significantly 
accumulate  certain  4-  and  5-ring  PNAH's  which  have  been  previously 
shown  to  have  a  large  bioaccumulation  potential.  This 
accumulation  pattern  is  of  great  ecological  concern,  particularly 
since  the  sediments  in  the  region  are  apparently  increasing  in 
PNAH  contamination  following  dredging  operations.  Moreover,  the 
clams  tested  in  the  microcosms  do  not  have  as  great  an  uptake  rate 
for  PNAH's  as  other  taxa.  Therefore,  the  full  magnitude  of  the 
bioaccumulation  potential  of  these  organic  toxins/carcinogens  may 
not  have  been  observed. 

In  summary,  the  microcosm  experiments  confirm  the  findings  of 
previous  studies  indicating  that  most  of  the  sediments  from  the 
Port  of  Hampton  Roads  would  produce  few  ecological  effects  upon 
ocean  disposal.  However,  the  microcosms  also  confirmed  the 
toxicity  and  bioaccumulation  of  potential  sediments  from  the 
Southern  Branch  of  the  Elizabeth  River.  It  is,  therefore, 
recommended  that  sediments  from  this  region  not  be  considered  for 
ocean  disposal. 
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(MANOVA)  tests  of  differences  between  treatments  were  as  follows: 


Before  Dump  End  of  Experiment 
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Figure  B6. 
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Zooplankton  taxa  (f/cu.m.)  in  microcosm  #2.  The  multivariate 
(MANOVA)  tests  of  differences  between  treatments  were  as  follows: 


Before 


After 


Milk's  =  0.23 


Milk's  =  0.33 
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Benthic  taxa  (f/m^)  in  microcosm  #1.  The  multivariate  (MANOVA) 
tests  of  differences  between  treatments  were  as  follows: 


MANOVA 


Significant  (a=0.05) 
Treatment-Taxa 
Combinations _ 


Wilk's  =  0.027 
F  =  1.55 
d.f.  =  81,  55 
p  =  0.04 


Hampton  Roads  Dump: 

Eteone  1  actea 
Nemerteans+ 

Protodor  vi  Ilea  kef  erste  i  n  i 
Parapr ionospio  pi nnata  ^ 
Polyqordi  us  s_£.+ 

Tri chophoxus  floridana  ^ 

Hampton  Roads  Adjacent: 

Bran i a  wel  1  f  1  eetens i s '*• 

Eteone  1  actea 

Tri chophoxus  floridana ^ 

Control  Dump: 

Eteone  1 actea  ^ 

Nemerteansi- 

Polyqordi  us  s pp 

Tri chophoxus  floridana ^ 


Notes : 

^Significant  increase  (a=0.05)  in  abundance  compared  to 
contro 1 -ad jacent  communities. 

Significant  decrease  (a  =  0.05)  in  abundance  compared  to 
control -ad jacent  communities. 


benthic  tax*  ii/sa.n.i  in  microcosm  treatments 
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thur’oi—  MarmoLhoe  Lepi'lonotus  Ljfnarineris 


CO  *0 


STANDAKO  ERROR  0.00  /.J»  02.96 
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standard  error 


The  multivariate  tests  of  differences  between  treatments  were  as  follows 


Treatments 

1.  Control  adj.  vs. 
SB  adj.  vs. 
Control  dump  vs. 
SB  dump 


2.  Control  adj.  vs. 
EMS  adj.  vs. 
Control  dump  vs. 
EMS  dump 


3.  Control  adj.  vs. 

TS  adj.  vs. 
Control  dump  vs. 
TS  dump 

4.  All  dumps 


MANOVA 

Wi Ik 's  =  0.003 
F  =  3.14 
d.f.  =  42,  22 
p  =  0.003 


Wi Ik's  =  0.0004 
F  =  3.31 
d.f.  =  51,  13 
p  =  0.014 


Wi  Ik's 
F 

d.f. 

P 


0.00006 
2.96 
57,  7 
0.10 


Wilk  's 
F 

d.f. 

P 


0.00002 
4  18 
57,  7 
0.04 


Significant  (a  =  0.05) 
Treatment-Tax  a 
Combinations 


Southern  Branch  Dump: 
Nephtys  pi  eta')’ 

Sthenel ai s  boa-i' 

Ens i s  directus-^ 

Te1 1 1  na  agi  1  us-i 
S p i s u  1  a  sol  idissimai 
Protohaustor i  us  spp.i- 

Southern  Branch  Adjacent: 
Nepht  ys  pi  ctat 

Control  Dump: 

Nephtys  pi cta'i- 

Elizabeth  River  Main- 
stem  Dump: 

Capi te  1 1  a  capi tata-^ 
Nephtys  pi ctai- 
Polydora  socialist 
SpiophaTTes  bornhyxi- 


Southern  Branch  Dump: 

Ens  is  directus-*- 
Tellina  agilTTi- 
Spi s ul  a  sol  idissima-1 
Sthenel ai s  boa-t- 

E1 i z  abeth  River  Ma in  - 
stem  Dump: 

Nephtys  pi  cta-i- 
Polydora  socialist 
Protohaustor  i  us  s p  .t 
Spiophanes  bombyxt 

Thimble  Shoal  Dump: 
Spiophanes  bombyxt 

II  _  _  I  ~  i  J 


5.  All  adjacent 


Wi Ik 's  =  0.0017 
F  =  0.89 
d.f.  =  57,  7 
p  =  0.64 


Notes : 

"•■Significant  increase  (a=0.05)  in  abundance  compared  to 
reference  values  (contro 1 -ad jacent  communities  in  models  1-3 
and  5,  control  dump  in  model  4). 

^Significant  decrease  (a=0.05)  in  abundance  compared  to 
reference  values. 
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Splophanes  Polydora  Anastlgis  CIrratulidae  Protohausto-  Njptilys 
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STANDARD  ERROR 
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